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SURGXFWLRQ>@ ,Q  WKH HOHFWULFLW\ FRQVXPSWLRQ IRU SUHEDNHG FHOO ZDV DERXW  N:KW DQG
&KLQHVHDOXPLQXPLQGXVWU\FRQVXPHGDERXWRI WKH WRWDOHOHFWULFLW\HQHUJ\7KXV LW LVDQH[WUHPHO\
XUJHQW WDVN WR ILQG HIIHFWLYH PHDVXUHV WR VDYH HQHUJ\ 5HVHDUFKHUV KDYH SXW IRUZDUG VRPH HIIHFWLYH
PHWKRGV WR UHGXFH HOHFWULFLW\ FRQVXPSWLRQ IRU DOXPLQXP LQGXVWU\ >@+RZHYHU IHZ OLWHUDWXUHVZHUH
UHODWLYHWRWKHORZWHPSHUDWXUHZDVWHKHDWUHFRYHU\IURPDOXPLQXPUHGXFWLRQFHOO,QIDFWWKHHQHUJ\RI
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)RUWKHORZWHPSHUDWXUHZDVWHKHDWUHFRYHU\SRZHUJHQHUDWLRQXVLQJRUJDQLFIOXLGKDVLQFUHDVLQJO\
DWWUDFWHGPRUHDWWHQWLRQ6HYHUDO25&V\VWHPVKDYHEHHQLQVWDOOHGWRFRQYHUWZDVWHKHDWLQWRSRZHU>@
/HH HW DO >@ SHUIRUPHG DQDO\VLV RQ25& V\VWHP XVLQJ5 DVZRUNLQJ IOXLG ,W ZDV IRXQG WKDW WKH
V\VWHP HIILFLHQF\ FRUUHODWHG ZLWK WKH QRUPDO ERLOLQJ SRLQW FULWLFDO SUHVVXUH DQG PROHFXODU ZHLJKW RI
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ZRUNLQJIOXLG:HLHWDO>@DQDO\]HGWKHWKHUPRG\QDPLFSHUIRUPDQFHRI25&V\VWHPXQGHUGLVWXUEDQFH
7KH\ GHGXFHG WKDW WKH V\VWHPRXWSXWZRXOG GHYLDWHPRUH WKDQ  IURP WKH QRPLQDOYDOXHZKHQ WKH
DPELHQW WHPSHUDWXUH ZDV WRR KLJK 6DOHK HW DO >@ XVHG DONDQHV IOXRULQDWHG DONDQHV HWKHUV DQG
IOXRULQDWHGHWKHUVDVZRUNLQJIOXLGVLQ25&RIJHRWKHUPDOSRZHUSODQWV7KH\IRXQGWKHKLJKHVWWKHUPDO
HIILFLHQF\ZDV ZLWK QEXWDQH /LX HW DO >@ LQYHVWLJDWHG WKH HIIHFWV RI YDULRXV ZRUNLQJ IOXLGV RQ
WKHUPDO HIILFLHQF\ DQG WRWDO KHDW UHFRYHU\ HIILFLHQF\ 'UHVFKHU >@ DQDO\]HG WKH FKDUDFWHULVWLFV RI
GLIIHUHQWZRUNLQJIOXLGVLQDQ25&DSSOLFDWLRQ
,QWKLVZRUNKHDWVRXUFHWHPSHUDWXUHRIZDVWHKHDWUDQJLQJIURPWRćLVFRQVLGHUHGDQGWKH
SHUIRUPDQFHRIWKH25&V\VWHPZLWKGLIIHUHQWZRUNLQJIOXLGVLVFRPSDUHGXQGHUWKHVDPHFRQGLWLRQ7KH
HIIHFWRIWHPSHUDWXUHDQGZDVWHKHDWIOXFWXDWLRQRQV\VWHPSHUIRUPDQFHZLOOEHDQDO\]HG7KHREMHFWLYH
RIWKLVVWXG\LVWRSUHVHQWWKHDSSURSULDWHZRUNLQJIOXLGIRUGLIIHUHQWKHDWVRXUFHWHPSHUDWXUHUDQJH
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WKHHYDSRUDWRULQZKLFKWKHZDVWHKHDWLVXWLOL]HG7KHYDSRUHQWHUVWKHWXUELQHDQGJHQHUDWHVSRZHU7KHQ
H[KDXVWYDSRUHQWHUVWKHFRQGHQVHUDQGFRQGHQVHGE\ZDWHU)LQDOO\DSXPSWUDQVSRUWVWKHIOXLGLQWRWKH
HYDSRUDWRUWRFRPSOHWHWKHF\FOH7KH25&V\VWHPLVVKRZQLQ)LJ̚)LJ
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3URFHVVWR7KHZRUNFRQVXPHGE\WKHSXPSLV
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7KHWHPSHUDWXUHRIZDVWHKHDWIURPDSXULI\LQJV\VWHPRIDOXPLQXPUHGXFWLRQFHOOVLVć̚ ć
DQG WKH IORZ UDWH LVîPK7KHFRQGHQVLQJ WHPSHUDWXUH LV IL[HG WRć DQG WKHDVVXPHGDPELHQW
WHPSHUDWXUHLVć3LQFKWHPSHUDWXUHLQWKHHYDSRUDWRUDQGFRQGHQVHUDUHDVVXPHGWREHćDQGć
UHVSHFWLYHO\:KHQ25&V\VWHPJHWVWKHPD[LPXPDYDLODEOHHQHUJ\WKHPDVVIORZUDWHLVPD[LPDO,Q
WKLVFDVHWKHSLQFKSRLQWOLHVEHWZHHQSRLQW¶DQGSRLQWRULWLVEHWZHHQSRLQWDQGSRLQW
6HFWLRQRIZRUNLQJIOXLGV
7KH LPSRUWDQW SURSHUWLHV RIZRUNLQJ IOXLGV QHHGHG WREH FRQVLGHUHG DUH OLVWHGEHORZ 7R[LFLW\
2QO\ ZRUNLQJ IOXLG ZLWK ORZ WR[LFLW\ FDQ EH XVHG LQ WKH V\VWHP  &KHPLFDO VWDELOLW\ 8QGHU KLJK
SUHVVXUHDQG WHPSHUDWXUHRUJDQLF IOXLGPXVWEHVWDEOH)ODVKSRLQW$ZRUNLQJ IOXLGZLWKKLJK IODVK
SRLQW VKRXOG EH XVHG WR DYRLG LJQLWLRQ  (QYLURQPHQWDO SURWHFWLRQ7KH ZRUNLQJ IOXLG PXVW EH ORZ
JOREDOZDUPLQJSRWHQWLDODQGR]RQHGHSOHWLRQ
%DVHGRQWKHVHWKHZRUNLQJIOXLGVLQWKLVVWXG\DUHFKRVHQDV5HD5ID5HD5EDQG
5D7KHSURSHUWLHVRIZRUNLQJIOXLGVDUHVKRZQLQ7DE>@
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5HVXOWVDQGGLVFXVVLRQ
(IIHFWRIHYDSRUDWLRQWHPSHUDWXUH
7KHKHDWVRXUFHWHPSHUDWXUHLVDVVXPHGWREHć)RUGLIIHUHQWHYDSRUDWLRQWHPSHUDWXUHWKH
UHVXOWVRIWKHUPDOHIILFLHQF\KHDWDYDLODELOLW\DQGPDVVIORZUDWHDUHVKRZQLQ7DE
)RUGLIIHUHQWZRUNLQJIOXLGVWKHUPDOHIILFLHQF\LQFUHDVHVZLWKWKHHYDSRUDWLRQWHPSHUDWXUHKRZHYHU
KHDWUHFRYHU\HIILFLHQF\GHFUHDVHVZLWK LW:KHQ WKHHYDSRUDWLRQ WHPSHUDWXUHIRU5HDLQFUHDVHV IURP
ć WRć WKHFRUUHVSRQGLQJ WKHUPDOHIILFLHQF\DQGKHDW UHFRYHU\HIILFLHQF\FKDQJH IURPDQG
 WR  DQG  +LJKHU HYDSRUDWLQJ WHPSHUDWXUH LQFUHDVHV WKH HQWKDOS\ GURS LQ WXUELQH ZKLFK
UHVXOWV LQ WKH LQFUHDVHRI WKHUPDOHIILFLHQF\+RZHYHUZLWK WKH LQFUHDVHRIHYDSRUDWLQJ WHPSHUDWXUH WKH
PDVV IORZ UDWH RI WKHZRUNLQJ IOXLGGHFUHDVHV DV VKRZQ LQ7DE ,WGHFUHDVHV IURPNJVDWć WR
NJVDWć7KXV WKH VSHFLILFHQWKDOS\ DW VWDWHZLOO LQFUHDVHVZLWK WKH HYDSRUDWLRQ WHPSHUDWXUH ,W
OHDGVWRWKHGHFUHDVHRIKHDWUHFRYHU\HIILFLHQF\
3DUDPHWHUV 5HD 5ID 5HD 5E 5D
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03D
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    
+HDWRIYDSRUL]DWLRQ
N-ÂNJ
    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7KHHIIHFWRIHYDSRUDWLRQWHPSHUDWXUHRQQHWSRZHUZLWKGLIIHUHQWZRUNLQJIOXLGVLVVKRZQLQ)LJ
$VVKRZQLQ)LJ5HDSURGXFHVWKHELJJHVWQHWSRZHUDPRQJ WKHVHYHUDOZRUNLQJIOXLGV7KH
QHW SRZHU LQFUHDVHV ILUVWO\ DQG WKHQ GHFUHDVHV ZLWK WKH LQFUHDVH RI HYDSRUDWLRQ WHPSHUDWXUH7KHUH LV
RSWLPDOHYDSRUDWLQJ WHPSHUDWXUH IRUPD[LPXPQHWSRZHU:KHQ WKHHYDSRUDWLRQ WHPSHUDWXUH LQFUHDVHV
WKHFKDQJHWUHQGVRIWKHUPDOHIILFLHQF\DQGKHDWUHFRYHU\HIILFLHQF\LVFRQWUDU\7KHV\VWHPZLOODFKLHYH
PD[LPXPQHWSRZHUDVWKHSURGXFWRIWKHPLVODUJHVW7KHPD[LPXPQHWSRZHURI5HDLVN:DQG
WKH FRUUHVSRQGLQJ HYDSRUDWLQJ WHPSHUDWXUH LV ć )RU RWKHUZRUNLQJ IOXLGV VXFK DV5HD5ID
5DDQG5EWKHRSWLPDOHYDSRUDWLQJWHPSHUDWXUHLVćććDQG UHVSHFWLYHO\ć 

7$%/(5HVXOWVXQGHUGLIIHUHQWHYDSRUDWLRQWHPSHUDWXUH
       
 Ș       
5HD ĭ       
 PNJÂV       
 Ș       
5HD ĭ       
 PNJÂV       
 Ș     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WLVWKHRSWLPDOHYDSRUDWLRQWHPSHUDWXUH

$VVHHQ IURP7DE WKHRSWLPDOHYDSRUDWLQJ WHPSHUDWXUH LQFUHDVHVZLWKKHDWVRXUFH WHPSHUDWXUH
ZKLFKUHVXOWVWKDWWKHWKHUPDOHIILFLHQF\DQGKHDWUHFRYHU\HIILFLHQF\DOVRLQFUHDVH)RU5HDZKHQWKH
KHDWVRXUFHWHPSHUDWXUHLQFUHDVHVIURPćWRćWKHRSWLPDOHYDSRUDWLRQWHPSHUDWXUHJURZVIURP
ć WRć,QWKHVDPHWHPSHUDWXUHUDQJH WKHUPDOHIILFLHQF\PRUHWKDQGRXEOHGDQGKHDWUHFRYHU\
HIILFLHQF\ LQFUHDVHV E\  :KHQ KHDW VRXUFH WHPSHUDWXUH DFKLHYHV D IL[HG YDOXH WKH RSWLPDO
HYDSRUDWLQJWHPSHUDWXUHLVFORVHWRWKHFULWLFDOWHPSHUDWXUHRIZRUNLQJIOXLG,QWKLVFRQGLWLRQWKHWKHUPDO
HIILFLHQF\DQGKHDWUHFRYHU\HIILFLHQF\UHDFKHVPD[LPXP
7KH YDULDWLRQ RI QHW SRZHU ZLWK KHDW VRXUFH WHPSHUDWXUH XQGHU WKH UHVSHFWLYH RSWLPDO HYDSRUDWLQJ
WHPSHUDWXUHLVVKRZQLQ)LJ
)LJVKRZVWKDWXQGHUGLIIHUHQWKHDWWHPSHUDWXUHWKHZRUNLQJIOXLGZKLFKJHQHUDWHVPD[LPXPQHW
SRZHULVYDULRXV:KHQKHDWVRXUFHWHPSHUDWXUHLQFUHDVHVIURPćWRćWKHWKHUPDOHIILFLHQF\RI
VHYHUDOZRUNLQJ IOXLGVKDV OLWWOH GLIIHUHQFH+RZHYHU WKH KHDW UHFRYHU\ HIILFLHQF\RI5HD LV KLJKHU
WKDQRWKHUVREYLRXVO\$VDUHVXOW5HDJLYHVWKHELJJHVWQHWSRZHU$WWKHWHPSHUDWXUHUDQJHRIć
 WKHQHWSRZHUIRU5HDLVIURPN:WRN:)RUKHDWVRXUFHWHPSHUDWXUHEHWZHHQć ć
DQGć5IDJLYHVWKHELJJHVWQHWSRZHUDQGWKH
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KHDWVRXUFHWHPSHUDWXUH ć 
)LJ1HWSRZHUZLWKGLIIHUHQWKHDWVRXUFHWHPSHUDWXUH

FRUUHVSRQGLQJQHWSRZHUUDQJHVIURPN:WRN:$VWKHKHDWVRXUFHWHPSHUDWXUHJRHVKLJKHUWKDQ
ć5HDJLYHVELJJHUQHWSRZHUWKDQRWKHUV7KHQHWSRZHUJHQHUDWHGE\5HDLVN:DWKHDW
VRXUFHWHPSHUDWXUHRIć
(IIHFWRIKHDWVRXUFHIOXFWXDWLRQ
*HQHUDOO\WKHYROXPHDQGWHPSHUDWXUHRIKHDWVRXUFHLVXQVWDEOHGXULQJRSHUDWLRQ&RPSDUHGZLWK
WKHGHVLJQFRQGLWLRQVWKHYDULDWLRQRIQHWSRZHULVVKRZQLQ7DE,QWKHFDOFXODWLRQWKHPDVVIORZUDWH
RIZRUNLQJIOXLGVLVVWDEOH
7DEVKRZVWKDWWKHWHPSHUDWXUHIOXFWXDWLRQKDVLPSRUWDQWLQIOXHQFHRQV\VWHPSHUIRUPDQFHZKLOH
WKH HIIHFW RIYROXPH IOXFWXDWLRQ LV VPDOO:KHQKHDW VRXUFH WHPSHUDWXUHGHFUHDVHV WKHQHW SRZHU
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JHQHUDWHG E\ 5HD ZRXOG GHYLDWH  IURP WKH QRPLQDO UDWLQJ &RPSDUHG ZLWK WKH WHPSHUDWXUH
IOXFWXDWLRQ WKH GHYLDWLRQ LV  ZKHQ YROXPH GURSV E\  7KH UHDVRQ LV WKDW KHDW YDULDWLRQ
WUDQVIHUUHGWRZRUNLQJIOXLGLVODUJHUZKHQWKHKHDWVRXUFHWHPSHUDWXUHFKDQJHV
2Q WKH ZKROH WKH HIIHFW RI YROXPH DQG WHPSHUDWXUH GHFUHDVH RQ QHW SRZHU LV ODUJHU WKDQ WKDW RI
YROXPHDQGWHPSHUDWXUHLQFUHDVH)RU5HDQHWSRZHULQFUHDVHVE\DVWKHYROXPHLQFUHDVHV
+RZHYHUWKHQHWSRZHUGHFUHDVHVZKHQYROXPHGURSV,WLVEHFDXVHWKDWWKHSHUFHQWDJHRI
HQWKDOS\LQFUHDVHLVORZHUWKDQWKHSHUFHQWDJHRIGHFUHDVHRIYDSRUPDVVIORZUDWHDVYROXPHGHFUHDVHV
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